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PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a light-emitting element by which a p-type oxide 
layer can be formed reproducibly and stably in a light- emitting 
element containing the p-type oxide layer of Zn or Mg. 
SOLUTION: An organic metal gas to be a metal component 
source, an oxygen component source gas and a p-type dopant 
gas are supplied into a reaction container, thereby growing a p- 
type MgxZn1-xO layer by a metal organic vapor phase 
deposition. While the p-type MgxZn1-xO layer is growing and/or 
after its growing has completed, the MgxZn1-xO layer which is 
under growing state and/or is completed in growing is heat- 
treated in an atmosphere containing oxygen. 
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immm 1 ] MiMpiMg, zn, _ , o (>t 

^^iOmriepSMg, Zn, _ x OJi£j£:f|£-£.g, 
fcfct>£. ipIMg x Zn, _ , Olwm+M 

f&OMg x Zn, _ x OSSrK^^ffl^^-C^M 

imsm2l nI77 7«.«.MpIMg 
x Zn, _ x O (itfc'U O^xgl ) miSpI 

ffiJBR^ <0«Ji*2fc-C* X . 
MlEnS? 9 y KJBfcjSS"*-* nl? 7 -y h'Jf J&HXg 
t, 

ipi^ 5 -y ) t m<7)&g:m*mf:/ximg$E7mz. 

[|f*)a3] nl?77 Hl^nlMg, Zn, . z 
om (fcjtfU OSzSl) A^&O. }Stt*#Mg y 
Zn, _ y 0« (fzfzL, OSy<l. x>y) 

ItffBnM? 7 -y h'Jf J&flXStCfcVvtmrfBnffl? 7 y H 
tfKJMMHBKrA fcttlfrf & £ i: tz <k 0 . 

f?ihL^«ffiicTtT^o z t nmk-r&n&a 1 
^zztziimbi-z>m?f<mi%^L4cr>\ l ^-?tifrim 



^»T'fit*&-r h z t & w& t -t h mm 1 £ \ * l 6 <r>\ \ 

[000 1] 

m=?<7>$mijmizmt&. 

[0002] 

Ga I nNmW^fSrfflV^ClktCiO .TOi 

fc a*-&*>*4 z k iz i o . 7 -«Maai 

L*>t5T3&J<c>, A 1 Ga I n N^««{iJt!Ke<J#^- 
^TfciGafc I ni:*i±^^i:^S7ttf>. nxh 
TvTtmft&KiW ttz. tfLfk&Bbfil 0 0~1 0 0 

^c^i3UTi>a*L<^^v^. it^i i - 1 68 

2 6 2-9<&WZtt, Z nSt/Mgc7)B!^J ) 4v^'e<0 
[0003] 

hifi. mmxm^mtz^^t^tiisb. mmsitf&f& 
mznwttf:*). mma^^vTX'h&nm^vVT 

st^M g<nmmmzm^xttf&?-2>mziimmmiJ s P 
w.x'h&mm*'&hzktj^xx'&z>. ±ib 

W^pffiK-y^yhJm&DLTpM-fk-r-g.^. 

[0004] *¥&ncr>mmiz. z n^MgopSK-fk 
zmL&x < ^mz^ ozt i?x'% h%ymi-<rm 
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[0005] 

mmzm&t&fi:tf>c?)3-m%xsftm ■ as*] ±iewp 

-ti, ^tJia5* J pMMg x Zn, _ x O (fcfc'U o 

sxs i ) mztt&f&e&T'vm&jmiz&^x , s 

^ (MOVPE (Metal Organic Vapour Phase Epita 
xy) £) CiDpIMg^n, _ x OflfcjSSStfS 
kktfc. IpIMg x Zn,. x OJiajftJEfeMttf 

»<7)M Sx zn, _ x ojisias^^Hju+fcjjwa 

[0006] ±IE^^t*5V->T{i. *S^JK5Wf 
ft(c J: OpIMg x Zn, _ x OJg*^ftt5*6PRt=, 

*tf5j«*jfc>*»av/xi4i«Jisrrfiw>M g x zn, _ x 

OJi*IBIMMlrS*HJll+fe , r«MSl^* . Ztitzt 0 . 
H**** 4 *^"* £ k fcS&JRWtfWMTS , IM ^X it 

nm*c* y r*y«arv«**awK** n t arc* s . 

wtyh^^n^q^kS:^ lAV^Iit^Mttt^ 
Stt^SStt* * v *tt*%-ttfc:fttefc . K p MM g x z 

n ! _ x om*%tsmmWi%& z t **cs & . 
[0007] aawe<o%3ifi*^*»« wi, fift 

WpSMg x Zri! _ x O (fcfc'U 
OSxSl ) Jfj&»f->&5p3i?5'y h'g^dWXI^tCT 

O^t^cO^jt^OlgZlti:. nI7 5 >y FBS:J&ft 
fSn!?5-y KJMMtUSl:. SHW*J*JW**§tt 
JfAJtXSfc. RJBSSrtfc* BSSJS* 
pM F-^'y r-#Xk £ k fcJ: 

£l*#^#HM4HCT^^6lS£-£t?pS? 5 

[0 0 0 8] &*3. mmmZ. nIMg, Zn,-, 
OJ1 (fcfc'U 0^zgl)fr^nl^77h'l. 
Mg y Z ni - y Ol (fcfc'U 0^y<K x>y) 
*»^»=Sr4«ttJi. Sl^pfflMg x Zn, _ x O (fcJt* 
U Ogx^l ) li>Wi.P^57 HJi^^lK* 

#&&Jg#xat/^5gj£#i®#* Srtt^-T h £ k 

jet o . ^m^mmm^miz x o ni? 7 y h»m 



-TS i k IzX •) , *llftllJRfflJftJI&£ * 0 vSttJlt:* 
«±£j&R-r& k k i> fc. l£?SttJicoj£JI&4>atf/X 

m zmmtt^mmwzx mxM-ttnM^-ttt i ^ k 

[0009] ±E«*ft(c J: & k . *&&J«*,fflJfcfta: 
KiOMg.Zn, - y OJfj^&.&vSttJl. ai/pM 
Mg x Zn, _ x OJBa6»63firipffl^5-y HJB***-r 

■£*»H*+£TSS«i«-f 4 - k t * 0 . Jim-i^x 

JR. pS^7-yFatco^-C(±. BE*f6flBtfXfirffitf>IIS 
-kR»tc, P a=>fA'yT^««-ri.^«a*J : 3:pS 
H-y\°y h^aSSnj&cp^k^rO. iSttJitcotvCJi:^ -v 

^SgPSr^-r^TcOJi^^ffi^MgZnO^cT) 

V>T. ZnOiOZnO— SSSrMgTS^LJtS^K^ 
&MgZnOtB&IB-r^.-li:*%^* s Mg : 

Zn : 0= 1 : 1 : lX'fohZt ZWfttZ t <?)X'\i?j: 

[0 0 10]}«:> pIMgZnOiMVH±MgZn 
Ovgtt«*^iggX*vS«(i. 1 0ffl/cm3 OT^® 

df>- (MBE (Molecular Beam Epitaxy) ) t±, 
ffiaoEft^lO" 4 torr-10" 2 torrifi 

25 "3 s pMMgZnOJg<OjfcK#»ll±^t^'&& 

[oo 1 1 1 *uc. mmxim^mi-tttz^m 
mmzfttcomzit. ^m^mrfxcomteMZ. 

fli l < im&*ft± Lfc«wcrff* 3 i k a>\ 
x (MovpEmt,z£&mm.£:i l z&m-tz>i>cox$>2>) 

£%&&%sWzmX't& Z t IZX »5^-til«. BfK* 
tcfflv^4RiES»rtt='CJR«a«>ff* oik 6?) 

[0012] SWiaii. S^ft^TLfe^lctT^^T 
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£>±^A\ MlS.W&*X'J?-WmxmrfBfoZ tit:i% 

^, %mk<»mmx°\±. mcommKizuwmzixtim 
&Sk t mmtt^m^tpX'CQfmm t^n'omLx^ 

[00 13]3:l:, p!MgZnOli,5UliMgZn 

omLmizm-mkxwm\<r>tzfr<m$m$. m s z 
n ocoMmm&x o i>mmtt&i)m^wmttmm% 
*t,zx'ntco&mi?h& {OzWiemmis^tt^h. 
#wsftsa£S£o 2 <,z®m.Lxmz-AtL&i><vt-f 
si.Mgzn o<7)Mmmm&£ o tKs^ff^'ffiv^i? 
H^-m, m s z n cxD-ftUimft LxwmxmmL 
zffi±-?&zbtf^imt%&. fm®tzmm-r&wm 
ttm®m*cr>mmttmz. ioiiKintorr 
i?XkcDEj}k-f&. ttz. Mm■ftK0)±mlz^\,^x^m 
izmmit%^tf. mm&ffinmm&zmte&mzfBfr 
z^&mx'mss&zi-t&zbrfwit (mm. rje 

®&WZXmim£fr%?m'&lt. 7600torrg 

[00 14] mz. MOVPESCjlSpIMgZnO 
Jl&S^liMgZ n0^fS<7)J&Kfi, lOtorrJil 
±.cr>Kjj*GLt:mm%,*X''if%o Z bizXO. i£JS* 

P IM g Z n OS J> 6 W2M g Z n OvgttS2rf#i, £ t 

JJW^S^-lr&JH^ , -ir*£i-U>igSPI£o 2 tmSiL 
Tffl^A^l-i.t<Oi:-ri») tflOtor r£X±.b~t%><7) 

[00 15] Mg x Zn t _ x Ofr'pMfc&S* 

izmtthh. zcDioftprnF-^yhbLxit. n. 

Ga, A 1 , I ik Li Si, C, SeiO— MX{i2 

i&m-t&zbfiK &u%pmmL*n&}LX'^mx'h 

h. SmTtmP-J-Ohb LTiiGa, A 1 , I 
na^Lic7)l«X(i2«Ul±, #(CGaSr«ffl-ri,C: 

t^^re^s. zix^i. hib^ma-r^zbizx 
9, ft^&pSWtt^i^llfcWS-fctfT'^l.. 

[0016]^, +ft%%&&mi:m&-?uziz, P 

iMg x Z n i _ x O«4>c0pM^-v U Ti§UK# 1 X 1 
Oi 6 l/cm3 tLh8x lOis <l/ cm 3 OTi:^ 
->TVi|,c7)*UV->. pa^-vUTjaSAU X 1 Oi 6ji 

/ c m 3 *jstc^r h b -vttm&m.* '&h^b imm 



b%hWr£i?h&. fife*, pM^A-UTiae^8x 1 0 
i 8I/cm3JfiiSJ:, *Stt*toiAS*U>pM3f 
^ »JTcD:l#j&Slfc3:'5, piMg.Zn, - x Of\ 

(DmfflL*?. $>z>mmm*m r )Mz.xnm?7 y} i m 

[00 17] 

FJ134, vSt±e3 3&t/ P S^7-y He2*^<^JIS^ 

7 7K12tfpIMg x Zn 1 _ x Oil ( 0 £ x ^ 1 : 
OT, plMgZnOi2t{>V^) bLX&f&ZtlX 
KpMMgZnOil2^«, pIH-AVhtL 
T. MMN, Ga, Al, In, Li»^lX{i2S 

ff^oao lxioi 6 ffl/c m 3 j,xh8x i oi 8 m 

/cmSJilT, miiil Oi 7 i/cm3-l 0' V 
[00 18] 02{£, MgZnOC0^ B S B^ji^^-rt<7) 

mimbtfcW(xmz3iZKizmm2ti&Bb%~> 

TfcO, 133^-rj: 3K, pSMgZnOf2(jc« 
LX&lZZi-thbWmXmbKr, . nW**>JTX'h 

^^ix-rr^t, nm*-r»Ttftmni.xpmmmii$: 

^■%<%Z>. ZZX\ pIMgZnOflr^tl,^ 

mmxmcomizmmizmi-t hfrtfrnmb* 

So 

[oo 19] mzmmLizm*). paMgzno®2{i 
as*{i^T'S>.s. zcomaj&McomizmftLt.ipW. 

pSMgZ nOJf 2 cr>f&£:m*RXS/XimgZZTmz 

SMpIMgZnOf2^^ 1 pIM g 

Z nO!2 . 1 0 t o r r tLhc7)#H»JS^T 

[00 20] muzM"). vS14«3 3{i, g^^itS^ 

«iar. ~*swt3£iti l zmm-t&i><™±. ^ 

400nm~570n mlZTWt^tfc&^y H=¥-v 77 
X^K-Eg (3. 10eV-2. 18eVS^)§r 
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£■(2, ifcft4 5 0 nm~5 0 0 nmlzX$£fffif&j:^> 
h'JfY77"X^-Eg (2. 76eV~~2. 4 8e 

flgffl-r.St>^{±, SI280nm~400nmfC%3t 
^^H^'/n^-Eg (4. 43eV~ 

3. i oevgjs) *^rt-&fc<o*a»?-r*. 

[002 1]f3Rt£*£1£I33t±. plMgZnOlt 

#Ji.tfMg y Znj _ y OS (fcfc'U 0Sy< 
1 . x>y : OT, MgZnOvSttJli: tV^o ) t LX 
jeaW-iifc*^**. rvgUiifcpSMgZnOjii: 
<7)ffll,Z fJTKOrtyVJJ >1- •'/ flhi t 

Ji, H4 3 Pl?7'/b'l (pIMgZn 

on 2 ) ^gs^JKat/att^^s^^^-^dr-u- 

^E cp, Evpt. YS14B«oe^i£S.r/«Bi i # 
J^cO^X^M/^-l^UE c i, Evi fccOfSIK&tf) 

Eci<Ecp •••■(!) 
Evi>Evp ••-■(2) 

[0022] WmX'\t. vStt«3 3tphnm? 7 y F 
M 3 4 ^I?L<7>«£iii: . pS?7'v HE 2 ^ VP 

S34 i:Oi§J£04i:l^1i^?4TIi^y 

iigcoMXizmsftnxTy^vimmmf&zti. *¥■ 

mW§t-%h„ nl?7 7 r-'B3 4tf)W@«: A 1 G a 
N^i'ttJ:^* 5 ^ nSMg z Zni-.OI (fcfc* 
U OSzsSl : £Tr\ nlMgZnOftt^a) £ 
fflftllf, ««Jg»**-r*-C<0B*«MgZnOjfitf!> 

m&Z t^Wm%XMMs b^o) . WBLfcGa 
*I n^O**!^**^-*^*^^ ( H- 

T\ nMMgZnOS3 4i;pSMgZnOSc7)iiaJt 
*K*4. *JS. $SttJ13 3<0«Stli. vSttS33 

trcatM 3 3 zw&-t&* * v r#wm umt&v* x 

0lZ^ mt-li 3 0 nm~-l 0 0 0 nmiOfifctli. 
[00 2 3] MgZnOvStt13 3CtJV^T, ilUJty 

tfiRfcf. II2 8 0nm-4 0 0nm«f^ 
IBfcfcfr&irltl.iil^iO^ySO. 5<7>&fflirCiMS? 

Itmt-VX-teO. leV~0. 3eVgf, fi* 



9*— ftjirCtiO. 25eV— 0. 5 e Vgjgif-?. 

PiMg x Zn, _ x OJ12. M 
g y Zn, _ y OvSffiJf 3 3&tf nSM g 2 Zn, _ , 
OJ13 4?)#jg&itx. y, z<0&ffi<OgliRtcJ:9&5£ 

[0024] kAT JtEM*fl3Hffi3S*^£*"Lfc?ft 

Km?<nm^un--m*mmth. t-r. 16 (a) 

iZnk-fX 0 fc, -9-7r>fr»«l 0±CGaNA' 7 7r 
11 l£xh':5^i^H£ilU PIMgZn 
Ol52 (JgJWH*.tf5 0nm) , M g Z n OvSttJl 5 
3 (BJS#iJ;ti;£3 0nm) SVnlMgZnOi54 

0 nm) 5rC:cO)iIiflCT^,ft^"l) (JfcS: 
lfi*£aM63-it"C*>J:v*) . i*i^#«ox^^^ 

is. *Bj$H#tcfcv>TMBE(i, #K7C«^j!Sfc#^ 
ifttt^MOMBE (Metal Organic Molecular Beam 

Epitaxy) , i&mTmf&ftnzmfot ut&m7iM&tt 

b°^^-^ ( C BE (ChemicalBeam Epitaxy) ) Srtt&i: 

[0025] 05 ( a ) ~ ( c ) fcwtf-J: o MOV 
PEffitCfcO. plMgZnOi52, MgZnO^Stt 
S 5 3&l>* nlM g Z n OJB 5 4 St^-CIhI tMMi ffl^ 

GaNA'.y7ra (H5T{i®^ti:T) hOKJiBtt 

JK Wliif 3 0 0°C~4 0 OTHc-tJ&SrSrff&o i t* s 
S4U>. =5rfc. SMcoMi. 05 (d) tc^-tia 

mL*3^&v*T?mzm*-i2 : 3.titt-?t,z 

[0026] #JlO±S^i: LTtiiX^J: 5 

&mb<ttm<o$u&z9sffl-tzm&fc&^xm* 

MtfflMzlZ. N 2 O. NO. N0 2 . CO&fc". *»6 
»JBTli, N 2 O (WWUKSM) 2rfflV^v>4. 

■ ZnjIS (#m«-M) a*. ■■ VVf'« ( DMZ 
n ) 5^x^S» (DEZn)^'; 

;W-7^->"7A (Cp 2 Mg) t£t\ 
[0027] pfiK-«vh^tUtta«J: 

■ L : y/WV^y^U^-^A^ri: ; 

• s i SWT* = tyS/^^irifO^Ua^SWISIWr 
if; 
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fr%b') ; 

[00 28] iti. A 1 , Ga.RX/1 n<DiaXti2« 
tLhti, N tco&maizJ:*) ^ P IK-^yh bL 

■ A 1 MX'*. ; h V Mr JUT )V (TMA 1 ) 
HUX^T/PS-^A (TEA 1 ) %t' ; 

• GaiStf* ; h'J^^^fU^A (TMGa) hU 
xf-zMPJ^A (TEGa)^i:; 

• I nj!g;#X ; h- LMf-/M V is<7& ( TM I n ) t- 
iJif/Hyy-^A (TE I n) =5rfc\ 
pSF-/N°^hi:LT^JR7cS (Ga) tfct^NA^ 

izm&^-hxo^h. mzii. xmmmBX'i-i. mm 

btch. 

[0029] ±Micr>&wmif*z*\ u T#x mut 
h. &mcoM£kit0)m\<Az£*). mmzMgvm 

VZ n Mb 3r£*fl£;£e#x MO^sSSitS: -?x y u- 

ayhD-^MF cmt,z£*)mw-tz> . ttz. Kfgj&fr 

•7X70-3yho-7MFCCj; >0®\WtZ>, 
[0030] nSMgZnOi!5 4W^«LT«K 

MgZnO*g14/l5 3$lXpMMgZnOjI5 2£ 
J&S-f- 0 i#H^E^I^T(f h (fifUtfl 0 t 
orr*ittS) ZbtfSVlX'hh. nlK- 

VlJt) UKUtlu. 

[00 3 1] MgZnOStti5 3MplMg 

z no* 5 2*i&w?hmi., mmxm^knmth 

-f=5r;b*>.. 05 ( a ) Rlf ( b ) tc^-r <t stc a^j* 

i^^M^x <n 2 o) <r>#%n&mmmz$m 

[0032] a^+^feft^K^^iiM 
iz±*)£.-f&j)K zti$$mi-tzizit. imsm/fA'p 

*t+^(CKJC$-frl»<I i:*<agT-*)-S» . g?3ii: Z nR 



fz&mxmtf!kt*?-t^t^£ t>ix& „ 
[0033] 117 ( a ) J: ? fc, 

mtfm?i<v$m<izm')&£ti%^£o. wm<mim 
z'tt-otz®. ( b > izTF-tx o izjm&mtfx<7)mi& 

£{?it§-£T. Mm&ttMtfA (N 2 O) <0*£{£i&L 

mtfxkcDKmrfismztL, mmxv&cm&twfflzti 
h> ttz. mzmmxm&&f&ztiTi>. ss«w 
x*<Dwmtfftm-®.mL. mrnxm^mm^tim^ 

Wz^+ftZMfKcofmmtf^J-Tixtf. ( c Hc^ 

•txoizmm&mtfxvmtezmmL. z^zmftSk* 

ft*-). aT. Ztlt>cr>m'9&Lk%&. H8(a)K 

(mo) /fx b „ w.m&ftm*'xk<7)ms 
^—yy*<r>m^Lx^i>. ttz. Mgznogtti 

53tplMgZnOI52tttl H-A'Vh^ 
[0034] ^<7)l§£\ 

m ic m *) a t tix ^ s -f ^ >- fc ^sie $• fig-r 3t*t. 
swaaB$^*^H«. o i o o'cm± 

«< . K-ftfe^M.*OT (*HM»ffit'«7 0 0°C) <T> 

^t,zm$%tix^h'Smtffo& . jb£#8lkj: no 

%.*.*) hn<w&%Kh<r>x\ mmvmmnt-? ta 

mx'hz* m5x-it. w^jrh-^Ht^s? 
>7*timLx\,^h. 

[ 0 0 3 5 ] fr^=5ra^«gp^tci^^M*^ 

•t) mmzmftt&zttf^mx-hz,. ^t. 

[ 0 0 3 6 ] Srfc. *fil^«^'X<7)^A^ s {i. 0 . 

5m?ma±2m=Fm*m<owmi*ix'htiif. M9 

( a ) iz^-t x o tz^ i w, i i L mTJg.z&m-htz#><?>m 

(b) ^-txoi^zm^mms" zmmLtz'vtzzt 



[0037] flSfr. SR«!flB«BBmHT*4*«» £SM 

fcli. qS^#ig#x<7)siLfi(J:B#[gk k & teSEfM-fciiK 
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